Introduction
Previous research has indicated that circadian blood pressure (BP) variability may be a significant determinant of hypertensive end-organ damage. [2] [3] [4] A nocturnal decrease (dip) in BP occurs in normal people and uncomplicated essential hypertension; lack of such a dip has been associated with secondary hypertension and hypertensive end-organ damage. [4] [5] [6] Unfortunately these studies varied in the method of sleep determination (actigraphy, patient diary or arbitrary fixed time periods). Since sleep has been identified as an important component of circadian BP decline during nocturnal hours, 7 utilizing a fixed day/night time definition of sleep, which may not reflect the actual patient's wake/sleep, may lead to patients receiving an inappropriate classification of hypertension. Also, an inconsistent definition of the sleep period makes comparison of data between studies difficult.
The purpose of the study was to determine the effect of various definitions of the sleep period in the determination of hypertension among patients undergoing ambulatory BP monitoring (ABPM). Specifically, the number of patients classified as having hypertension during an ambulatory monitoring period were compared when the definition of sleep was variably defined by actigraphy, by an arbitrary definition, or the default setting of the ambulatory equipment.
Materials and methods

Study population
Study subjects were 46 consecutive patients with a diagnosis of essential hypertension referred to the Hermann Hospital Center for Chronobiology and Chronotherapeutics. These patients were being managed with varying regimens of antihypertensive medications. The mean age of the group was 42.9 ± 21.8 years (range 7-90). Thirty-eight percent of the patients were males; 58% were Caucasians, 28% African-Americans, and 14% represented a variety of ethnicities.
Ambulatory BP monitoring
ABPM was performed for a 24-h period with a Spacelabs 90207 monitor (Spacelabs, Redmond, WA, USA). Blood pressures were measured every 20 min from 06.00 to 22.00 and every 30 min otherwise.
Patients also wore a Mini Logger Actigraph (Ambulatory Monitoring, Inc., Ardsley, NY, USA) as the criterion standard to identify all sleep and wake periods during the 24-h monitoring period. This device is worn on the wrist of the non-dominant arm and senses motion in three planes as accelerations above the threshold of normal motion of human beings. 8 The data were stored in the device's memory by clock time and calendar date; the device has been validated to distinguish sleep from wakefulness with over 88% accuracy. 9 For adults, BP load was defined as the percent of BP measurements exceeding 135 mm Hg and 85 mm Hg for systolic and diastolic measurements, respectively, during the awake period and 120 mm Hg and 80 mm Hg for systolic and diastolic measurements, respectively, during the sleep period. For children, BP load was defined as the percent of systolic and diastolic BPs exceeding the 95th percentile for height/age during the awake period. Sleep time BP loads for children were calculated by reducing the awake period BP limit by 10%. The phenomenon of decreasing BPs at night during sleep is known as 'dipping'. Patients in this study who did not demonstrate at least a 10% drop in mean BP at night were considered to be 'non-dippers'.
Three definitions of sleep/wake were considered. The criterion or 'actual' definition included a summation of BPs during all sleep periods throughout the day as identified by the wrist actigraphy as described above. An 'arbitrary' period of sleep was based on a study of children which arbitrarily defined awake BPs to include those during the period from 08.00 to 20.00 and asleep BPs to be those from 00.00 to 06.00. 1 The 'default' definition of the sleep period is based on the common default settings of the ABPM hardware which defines BPs gathered during 06.00 to 22.00 to be awake and those BPs gathered from 22.00 through 06.00 to be asleep.
Statistical analysis
For each patient the absolute difference in BP loads (systolic and diastolic) when using actual wakesleep periods vs arbitrary and default methods were calculated for the sleep and for the wake periods. The statistical significance of the means of these differences was determined by paired t-test. The number and percentage of the patients whose hypertension status (hypertension or normotension) during wake and sleep periods was changed when arbitrary or default definitions used were calculated. The statistical significance was examined by Fisher's exact test. Also, this test was used to determine the statistical significance in the number of patients whose dipper status changed when arbitrary or default methods were used. Two-tailed probabilities (P) are given and were considered significant if P Ͻ 0.05.
Results
Using the above definitions of the sleep period(s), the mean 'actual' sleep period for our patients as determined by the actigraph was 7.3 h (range 3.5 to 12.5 h). The 'arbitrary' definition includes 6 h of sleep for each patient and the 'default' definition assumes 8 h of sleep for each patient. By using arbitrary or default definition up to 4.5-6.5 h difference than actual sleep time is noted for some individuals.
The change in BP load for each subject based on their 'actual' sleep period compared to the 'default' and the 'arbitrary' definition (Figures 1 and 2) shows wide inter-subject variability. The individual absolute difference in BP loads between 'actual' vs 'default' or 'arbitrary' sleep time in wake period was as high as 23% in some subjects. Also, for other individuals, the difference in BP loads in sleep period was as high as 40%. When compared to 'default' and 'arbitrary' definitions of sleep period, the 'actual' sleep period resulted in higher BP loads during the wake hours for many patients. In contrast, these same comparisons resulted in lower BP loads for many patients during the sleep periods. This observation was more consistent when actual sleep period was compared to the default, not for arbitrary, classification. Overall, the 'default' definition of the sleep period resulted in larger differences in BP loads than did the 'arbitrary' definition.
A significant difference in BP loads was found when actual method was compared to 'default' methods (Table 1) . Although some difference is noted for the actual vs the arbitrary method comparison (Table 1) , the difference did not reach statistical significance.
Use of the 'arbitrary' definition of sleep resulted in underdiagnosis of nocturnal hypertension for about 11% of patients. In contrast, use of the 'default' definition of sleep resulted in overdiagnosis of nocturnal hypertension for approximately 11% of patients (Table 2 ). In general, 11 to 13% of the subjects had change of their hypertension status when arbitrary classification was used compared to 9 to 15% when default classification was utilized. These differences are not statistically significant.
Dipper status similarly was affected by the choice of sleep period definition (Table 3) . Use of the 'default' definition of sleep resulted in approximately 28% of the subjects erroneously being classified as non-dippers when in reality they were (P Ͻ 0.01). The classification of dipper status based on the 'arbitrary' definition of sleep agreed somewhat more closely with the 'actual' definition of sleep where 87% of subjects' dipper status was not changed; approximately 9% of patients were erroneously classified as dippers when in reality they were not (P Ͼ 0.05).
Discussion
Ambulatory monitoring of BP is increasingly used for diagnosis and management of hypertension as well as in clinical research. Accurate identification of the sleep period is critical to appropriate interpretation of ambulatory monitoring. 
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Hypertersives 33 (72) 4 (9) 23 (50) 5 (11) 34 (74) 3 (7) 25 (55) 2 (4) Normotensives 2 (4) 7 (15) 0 (0) 18 (39) 1 (2) 8 (17) 5 (11) 14 (30) n, number of patients; P Ͼ 0.005 for all. Bursztyn et al 11 demonstrated that naptime BPs fall considerably from wake levels, comparable to the night-time sleep BPs. The authors of that study recommend that BPs obtained during naps should be included as sleep and not awake BPs. In a study using mean BPs, 12 true daytime BP was significantly higher than value calculated over the arbitrary period and significant proportion of hypertensive patients were misclassified as normotensive when daytime BP was calculated over arbitrary periods. Rozansky et al 13 found no correlation of mean BPs obtained during various definitions of the sleep period with end-organ damage in chronic renal patients; however, a significant change in dipper classification was noted when actual sleep times were used. Using a variety of sleep definitions for an ambulatory monitoring period, little difference in mean BP levels was noted; however sleep BP loads varied by more than 10% in 30 of the 50 patients studied.
14 These studies have led some to suggest that actual sleep and wake times should be used for defining 'day and night' for analysis of ABPM data. 15 In the present study, data gathered with the ambulatory monitor was converted into BP loads. In most of the previous research, absolute BPs rather than BP load data are presented. Use of absolute BP changes among various pediatric age groups is inappropriate as no basis of comparison exists. Presentation of the data with BP loads for children of widely different ages and sizes may be imperative.
Soergel's study of children's arbitrary defined awake BPs to be those during the period from 08.00 to 20.00 and asleep BPs to be those from 00.00 to 06.00. 1 Using these definitions of awake and sleep periods results in 25% of the daily BPs being eliminated as part of the analysis. The appropriateness of this approach can be questioned based on the findings in our study in which 24% of patients had their hypertension classification status changed when an entire day's values were considered. The 'default' settings of awake and sleep periods also results in a large misclassification of hypertension status in both sleep and wake periods as well as in the dipper status. Although some of the misclassifications were not statistically significant, their clinical importance must be considered. It is worth noting that this study showed remarkable inter-individual variation in BP loads when different definitions of sleep time were used.
Conclusions
Data from the ABPM should be analysed by the awake and sleep periods rather than by 'day' and 'night', ideally accomplished with actigraphy or accurate diary entries. Complete 24-h data should be used since omitting part of the database may lead to misclassification of BP status. Reliance on arbitrary definitions fails to accommodate for individual variations and can inaccurately define hypertension resulting in significant clinical and research implications.
